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ABSTRACT 


A study was made to evaluate the effects of various pretreatment 
processes and long-term storage on the magazine spring, for the 

M14, 7.62mm, rifle. The various pretreatment processes considered 
in this study were: (1) stress-relieving only, (2) stress-relieving 
and cold-set, (3) stress-relieving and heat-set, and (4) heat-set 
only. The storage tests involved periods from 1 to 5 years and 
consisted of hot, cold, and normal temperature conditions. Test 
procedures are described and results discussed. 
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SUBJECT 


Evaluation of Pretreatment Processes and Long-Term Storage on 
Magazine Spring for the M14, 7.62MM, Rifle 


OBJECTIVES 


1. To determine the effects of the various pretreatment 
procesees (heat-set, cold-set, stress-relieving only) on the subject 
magazine spring under storage and weapon firing test conditions (and 
to consider the necessity for having the heat-set notation on Drawing 
C-7267078 dated 18 February 1959). 


2- To determine the effects of long-term storage on the subject 
magazine springs under the following conditions: 


a. Normal temperature 


b. Hot (165°F to 175°F) temperature 


c. Cold (-65°F) temperature 


CONCLUSIONS 


1. The present standard spring (stress-relieving process only) 
indicated satisfactory results in the loaded end unloaded conditions during 
the storage and weapon firing test program. kesulting test data indicate 
that thie spring assembly will meet the long-term storage requirements 
and function satisfactorily during weapon firiag. 


2. Springs which were heat-set without being stress-relieved are 
definitely unsuitable. (This process should not be considered in 
connection with any ordnance springs.) 


3. The heat-setting (a costly manufacturing process) of thig apring 
design, after stress-relieving, showed a 10 per cent increase in storage life 
over the present standard spring under both storage conditions. This heat- 
setting, however, showed no greater improvement during the weapon firing test. 


4. Cold-setting (another costly process for this type of spring) 
showed no improvement over a plain stress-relieving operation. This is, 
no doubt, due to the fact that the loading of a magazine, in itself, pro- 
vides an adequate cold-setting operation. 
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CONCLUSIONS - Continued 


5. Hot storag: is detrimental to spring life in the loaded 
magazine. This condition is evident by the number of weapon malfunc- 
tions attributable to the magazine assembly (Appendix A). 


6. Cold storage was not detrimental to spring in loaded or unloaded 
condition after one year of storage. 


7. Proper packaging of the subject magazine is considered essential 
when the magazines are to be subjected to adverse temperature storage 
conditions. 


8. The critical load at mean assembled height (5.5 inches) which 
will allow satisfactory weapon functioning is 4.5 pounds. With loads 
below this level, wespon malfunctioning will ocur. 


RECOMMENDATIONS 


1. Heat-set notation as a drawing specification be removed. 
(Drawing C-/26/078 was revised on 15 January 1960 by the elimination of 
the heat-set requirement.) 


2. The present standard design (stress-relieving process only) of 
the subject magazine be considered adequate for long-term storajze require- 
ments and subsequent weapon firing. 


3. The basic and most important load requirement of 5-1/2 pcunds 
plus 3/4 pound at 5.5 inches be maintained. ‘Two other load check-points 
for final-inspection acceptance, after cold-setting to 11/16 inch three 
times has been accomplished, are as follows: 


a. At 8.5 inches - 2.5 pounds + 3/4 pound 
b. At 2.5 inches - 8.0 pounds + 1.0 pound 


4, A new lot of subject springs be processed, properly packaged 
and subjected to long-term storage unde~ the following conditions: 


a. Prescribed adverse temperatures (hot and cold) 
b. Normal weather 
c. Adverse weather, i.e., snow, rain, wind, etc. 


5. The design of the present standard spring not be considered 
the optimum design. However, based on the test results obtained, it is 
believed that replacement is not necessary provided the spring is 
properly manufactured. 
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RECOMMENDATIONS - Continued 


6. The dual-rate spring design (Appendix B) be considered if 
further studies are to be conducted on this type of magazine spring 
design because of the satisfactory preliminary results obtained at 
the beginning of this study. 


7. The heat-setting process be considered for this type of 
spring only when the design stresses are greater than thow presently 
exhibited in the standard M14 magazine assembly. 
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1. INTRODUCTION 


a. During the early manufacturing of the subject spring, questions 
arose primarily concerning the purpose, the need, and the cost of the 
heat-set specification on the subject drawing. A series of meetings 
were heid to determine what possible design changes and what various 
pretreatment operations should be investigated for the best functional 
characteristics of the subject spring. 


b. At this time, the idea of an expendable magazine was discussed 
and proposals of various types for this magazine assembly were submitted. 
Because of these proposals, the studies and the scope of the initial 
problems were extended to embody the effects of long- and/or short-term 
storage on the subject springs under conditions of normal, hot, and cold 
temperatures. 


2. PRCCEDURE 


ae Forty-eight subject springs (Lot 1) were initially used at the 
onset of the program to examine the various pretreatment operations. 
When it was decided to expand the scope of the study to long-ferm storage, 
however, 100 additional springs were manufactured. 


b. The initial 48 subject springs were received and processed as 
follows: 


(1) Twenty-four, 'as-wound’ condition. 
(a) Initial free height was recorded (all groups). 


(b) Edghteer. springs were stress-relieved at 400°F for 1/2 
hour; this was followed by a free height and load check 
at assembled height of 5.5 inches. 


(1) Six springs remained in as-wound condition. 


(2) Six springs were cold-set to 11/16 inch three times; 
this cold-getting was followed by free height and 
load check at assembled height. 


(3) Six springs were heat-set according to drawing 
specifications (400°F for one hour at 5 inches), tnis 
was followed by free height and load check at 
assembled height. 
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2. PROCEDURE - Continued 


C. 


(2) 


(3) 


(c) The remaining six “as-wound"” s-cings were heat-set only 
according to the same drawing specification as in 


/b(3)/ above. 


(d) The above-listed springs were then categorized in the 
following groups: 


(1) Stress-relieved only (Springs 1 through 6) 

(2) Stress-relieved and cold-set (Springs 7 through 12) 
(3) Stress-relieved and heat-set (Springs 13 through 18) 
(4) Heat-set only (Springs 19 through 24} 


Twenty-four stress-relieved and cold-set (three times to 11/16 
inch) by the manufacturer were assigned as Springs 25 through 
48. 


The springs listed above were subjected to the following test 
program: 


(a) Three springs from each group were gymasticated on a 
vertical shaper at 116 strokes per minute. 


(b) Three springs from each group were weapon-fired 2000 rounds 
or 100 loadings. 


Exception. Three springs from the group cold-set by the 
manufacturer were only weapon-fired 1820 rounds 
or 91 loadings. 


(c) The 18 remaining springs cold-set by the manufacturer were 
put into limited and long-term storage. 


The 100 subject springs (Lot 2) were examined as follows: 


(1) 


(2) 


All springs were stress-relieved for 30 minutes at 400°F. Free 
height and incremental load measurements were taken at the 
specified interval of 11 inches to 5.5 inches in 1/2-inch 
increments. 


Thirty-eight springs received no further treatment (stress- 
relieving process only) and were tested as follows: 


(a) Ten springs stored free for 24 weexs. 


(b) Ten springs stored in unloaded magazine for 5 years. 
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2. PROCEDURE - Continued 


(3) 


(4) 


(3) 


(c) Ten springs stored in loaded magazine for 5 years. 


(d) Four springs stored unpackaged under hot temperature 
condition for one full year, two in loaded magazine, 
two in unloaded magazine. 


(e) Four springs stored unpackaged under cold temperature 
condition for one full year, two in loaded magazine, two 
in unloaded magazine. 


Thirty-eight were heat-set by compression to a height of 
5 inches and heated for one hour and tested in the same 
manner as (b) above. 


Ten springs were cold-set to 11/16 inch three times. Eight 
of the springs were subjected to hot and cold temp cature 
storage test as in (2) above. 


The remaining 14 subject springs received no further treatment 
and were not involved in any type of test. 


3. DISCUSSION AND RESULTS 


a. The test program involving the initial 48 subject springs was 
set up to evaluate the following four pretreatment processes under various 
test procedures: stress-relieving only, stress-relieving and cold-set, 
stress-relieving and heat-set, and heat-set only. 


(1) 


Gymnasticating tests were performed on 15 subject springs (three 
springs from each treatment). The test consisted of the 
following: 


(a) Initial free height and load check at assembled height 
of 5.5 inches. 


(b) Free height and load check after 5, 55, 155, 655, 1655, 
3655, 6655, and 10,000 cycles for all springs. A few 
of the springs were cycled additionally as shown in the 
resulting data given in Appendix A. 


(c) Gymnastication was performed on a vertical shaper at 
116 strokes/minute. 


(d) Sample springs used in this test are shown in photographs 
included in Appendix C. In all instances, the springs 
were badly distorted after te test. 
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3. DISCUSSION AND RESULTS - Continued 


(e) This type of test is much more severe than the test under 
which the magazine springs are tested during actual 
weapon firing and storage test. It was felt, therefore, 
that if the springs could withstand this testing, they 
could satisfactorily meet weapon functioning requirements. 
Since all of the springs were badly distorted, it was 
concluded that this was not a true type of test to prove 
the value of the subject springs. 


(f) Resulting data show (Appendix A) that most of the springs, 
with the exception of the heat-set only springs, although 
distorted, were within the critical load-specification 
considered necessary for satisfactory weapon firing. 


Note 1. Critical load-specification is 4.5 pounds at 
5.5 inches and will be discussed later in the 
report. 


Note 2. The heat-set only springs were well below this 
critical load and it was concluded that this 
particular process not be considered for future 
ordnance use. 


(2) Weapon firing tests were conducted on 15 subject springs (three 
springs of each group) and consisted of the following: 


(a) Initial free height and load check at assembled height 
of 5.5 inches. 


(b) Load and free height check after weapon firing 1, 5, 10, 
20, 30, 40, 50, 60, 70, 80, 90, 100 loadings (one loading - 
20 rounds). 


Exceptions: 


(1) Springs heat-set cnly were not tested because the 
permanent set was excessive; this condition occurred 
when a static load-check was performed. 


(2) Springs cold-set by manufacturer were checked after 
the following loadings: 5, 23, 28, 34, 40, 46, 52, 
58, 64, 76, and 91. 


(c) Resulting data are shown in Appendix A. 
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3. 


DISCUSSION AND RESULTS - Continued 


(d) 


(e) 


Sample spritgs used in this test are shown in photographs 
in Appendix C. 


No malfunctions were attributable to the magazine spring 
assemblies, as reported by testing personnel. In fact, 
all springs functioned satisfactorily. Proper manufacture 
of the stress-relieved only springs will produce an Mi4 
magazine spring which will function satisfactorily. 


(3) A limited and long-term storage-program was conducted on 18 
of the subject springs cold-set by a manufacturer as follows: 


NOTE: 


(a) 


(b) 


(c) 


Eight springs stored in an unloaded magazine condition 
(Springs 31 to 34, 40 to 43). 


Ten springs stored in a loaded magazine condition (Springs 
35 to 39, 44 to 48). 


The following free height and load check at 5.5 inches were 
performed during the course of the test: 


(1) All springs initially. 
(2) All springs after 2-month storage. 


Springs 31, 32, 33, 37, 38, and 39 were not returned to storage 
after this check. 


NOTE: 


(3) Springs 40 to 43 after 15 weeks, then subjected 
to 50 magazine-loadings, rechecked, and returned to 
storage. 


(4) Springs 34, 35, 36, 44 to 48, after 17 weeks. 


Springs 44, 46, 48 were not returned to storage. 


(5) All springs still in storage were checked after 
41 weeks and 1-1/2 years. 


(6) Storage springs were subjected to six weapon-loadings. 


(7) Storage springs were then subjected to a final incre- 
mental load-check at 11 inches to 1 inch. 
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3. DISCUSSION AND RESULTS - Continued 


(4) 


(d) This cold-setting test shows that springs stored in eé 
loaded condition for any length of time will exhibit 
an average set of 11 per cent below the minimum load- 
specification, but will stili function satisfactorily 
during single weapon-loading. 


(e) Resulting data obtained during this test phase is shown 
in Appendix A. 


(f) Sample springs used in this test are show in photographs 
in Appendix C. 


The average results obtained during this phase of the evaluation 
are shown on the following page in Table I. 
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3. DISCUSSION AND RESULTS - Continued 


b. The 100 subject springs obtained for the long- and/or short-term 
storage condition were all stress-relieved for 30 minutes at 400°F. Free 
height and incremental load measurements were then taken at 11 inches to 
5.5 inches in 1/2-inch increments. All springs were well above drawing 
specification after this operation. This is conducted to allow for load 
and height losses which were incurred after further processing or treat- 


ment. 


(1) Springs 1 through 30 received no further treatment or 
processing, and were tested as follows: 


(a) Ten springs stored free for 24 weeks. 


(1) Free neights and incremental load measurements were 
taken at specified intervals (11 inches to <i inch at 
1/2-inch increments). 


(2) Checks were made after 1, 8, 16, and 24 weeks. 


(3) From results obtained after 24 weeks, further 
testing for this condition was considered unnecessary. 


(b) Ten springs stored in unloaded magazine for 5 years. 


(1) Free heights and incremental load measurements were 
taken at specified intervals of 11 inches to 5.5 inches 
at 1/2-inch increments before weapon firing test and 
after the l-, 2-, 3-, and 5-year storage test and also 
before one dummy loading at 24 weeks. An incremental 
load measurement of 11 inches to 1 inch at 1/2-inch 
increments was then taken after weapon-firing and 
dummy- loading tests. 


(2) Checks were made after 1, 2, 4, 8, 12, 16, 24, and 
48 weeks; and after 1, 2, 3, and 5 years storage. 


(3) Springs were never compressed beyond 5.5 inches during 
the 24-week storage. 


(c) Ten springs stored in a fully loaded magazine for 5 years. 
(1) Free height and incremental load measurements were 
taken at specified intervals of 11 inches to 1 inch at 


1/2-inch increments. 


(2) Checks were made after 1, 2, 4, 8, 12, and 16 weeks. 
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3. DISCUSSION AND RESULTS - Continued 


(2) 


(3) 


(4) 


(5) 
(6) 


(3) Checks were made before and after dummy loading 
at 24 weeks and weapon firing test at 48 weeks, 
1, 2, 3, and 5 years. 


Springs 3!) through 60 were then heat-set by compression to 
a height of 5 inches and heated at 400°F for one hour. 
Similar test procedure as in (1) above were then conducted 
for these subject springs, i.e., free, unloaded and loaded. 


Springs 61 through 70 were then cold-set by compression to 

a height of 11/16 inch three times and an average result of 
6.2 pounds was obtained. Storage tests as above were not 
performed on these springs and were not considered necessary 
because of the results obtained during the testing of the 
initial 48 springs. Eight of these springs, however, were 
later used during the temperature (hot and cold) test. 


Springs 63 through 86 were used in the hot and cold tempera- 
ture storage test which will be discussed later. 


Springs 87 through 100 were subjected to no further testing. 
The 40 springs heat-set and stress-relieved only which were 
subjected to the long-term storage program,were examined as 


follows after 1, 2, 3, and 5 years: 


(a) Free height 


(b) Loaded magazines. Incremental load measurements (11 inches 


to 1 inch at 1/2-inch increments) 


(c) Unloaded magazines. Incremental load measurements (11 
inches to 5.5 inches at 1/2-inch increments) 


(d) Free height 


(e) Weapon test-fired. Six loadings for each magazine 
(120 rounds) 


(f) Free height 


(g) Incremental load measurements (1] inches to 1 inch at 
1/2-inch increments) for all subject springs. 
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3. DISCUSSION AND RESULTS - Continued 
(h) Free height 


(i) The following subject springs were used in the 
above-mentioned test: 


(1) Ten stress-relieved only loaded springs 11 - 20 
(2) Ten stress-relieved only unloaded springs 21 - 30 


(3) Ten stress-relieved and heat-set loaded springs 
41 - 50 


(4) Ten stress-relieved and heat-set unloaded 
springs 51 - 60 


(j) The following average results (Table II) were obtained. 
(7) The average results and percentages obtained during the testing 


of the subject springs 1 through 70 are shown in Tables III 
and IV which follow. 
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3. DISCYSSION AND RESULTS - Continued 


c. A test was also conducted to determine the effects of long- and/or 
short-term storage under hot (165°F to 175°F) and cold (-65°F) temperature 
conditions on the subject magazine springs. (Temperatures comply with 
military standard specification MIL~E-4970). 


(1) 


(2) 


(3) 


Twenty-four of the subject springs from Lot 100 were used 

in this test program and were stored for one year in an 
unpackaged condition. Packaging procedures were not accomplished 
because the springs were to be examined at various intervals 
during the storage programs as specified below. 


The subject springs «ere processed as follows: 


(a) 


(b) 


(c) 


(d) 


Eight springs stress-relieved and cold-set 
(Springs 63 ti.rough 70) 


Eight springs stress-relieved and heat-set 
(Springs 71 through 78) 


Eight springs stress-relieved only 
(Springs 79 through 86) 


Two springs of each group were then stored loaded and 
unloaded at the two temperature conditions. 


The subject springs were then tested as follows for both 
temperature conditions: 


(a) 


(b) 


Unloaded magazine assembly 
(1) Free height check 
(2) Load check at 8.5 and 5.5 inches 


(3) Springs were checked after 2, 4, 6, 8, 10, 14, 20, 
24, 36, and 52 weeks. 


Loaded magazine assembly 
(1) Same test procedure as above for items .1) and (3). 


(2) Load check at 5.5 and 2.5 inches. 
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: 3. DISCUSSION AND RESULTS - Continued 


(c) All springs were subjected to six weapon loadings 
after the one full year storage. 


(d) All springs were given an incremental load and free 
height check after weapon firing only. 


(4) The average results obtained during the storage test are 
shown in Table V which follows. Data are shown demon- 
strating that the springs stored loaded under hot temper- 
ature conditions caused weapon malfunction and also 
that this temperature condition was very detrimental 
to spring life. 


Note. It is felt that, if proper packaging is accomplished, 
better results under similar conditions may be 
obtained. 


d. The results obtained throughout this inveetigation indicate that 
a 4.5 load at 5.5 inches (assembled magazine height) is considered a 
critical dimension. Loads which fall below this dimension will cause 
weapon malfunctioning. Therefore, a chart for an inspection acceptance 
load check was prepared and recommended. This chart can be found on 
Page 21, Table VI. 
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4. OTHER TESTS 


a. It should be point out here that other tests in conjunction 
with this evaluation were initially conducted on experimental spring 
designs such as the following: 


(1) Standard plus one coil (modified) 
(2) Dual-rate design (SAC-38193, Appendix B) 


b. Results revealed that the modified design (9 coils) indicated 
no improvement over the standard spring in either long-term storage or 
functional firing. Therefore, this design was not considered further. 
The dual-rate springs test results obtained under storage and weapon 
firing test were satisfactory. The principle of the utilization of the 
entire tube space for the magazine spring is basically sound. This allows 
for more uniform action of the spring follower throughout the compression 
stroke than with the standard spring. Since further dimeneional studies 
were necessary to eliminate a frictional bind which occurred after a 
follower deflection of approximately 4 inches, this experimental design 
was not considered further in the test program. 


-22- 


APPENDICES 


Data Charts (28) 


Illustrations 
(Drawings, 4) 
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LOT 48 SPRINGS 


a. Gymnastication Test 
b. Weapon Firing Test 


c. Limited Storage Test 


LOT 100 SPRINGS 


a. Long-Term Storage Test (5 years) 
b. Hot-Temperature Test (1 year) 


c. Cold-Temperature Test (1 year) 
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Springs of this set will be found in the temperature 


free 


Springs 31 thru 60 were stresserelieved and heat-set (compress to 5 inches and heat at 400°F for 1 hour). 
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Springs 61 through 70 were stress-relieved and cold-set (compress to 11/16 inches three times). 


Above load readings were taken before assembly into magazine. 


a. Springs 31 thru 40 were stored f 
b. Springs 41 thru 50 were stored in a loaded magazine (20 rounds). 


c. Springs 51 thru 60 were stored in an empty magazine. 
Springs 61 thru 70 were not subjected to this storage program. 
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Springs 21 thru 30 stress-relieved only and stored in empty magazine. 


l. 


REMARKS : 


Springs 51 thru 60 stresserelieved and heat-set, stored in empty magazine. 


2. 


Empty megarines were loaded with 20 rounds one time and above free height and load readings resulted. 


3. 


Springs 1 thru 10 stress-relieved only and Springs 31 thru 40 stress-relieved and heat-set were stored in the 


free condition for & weeks. 
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Spring #18 - 1 stubbed round 
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Spring #19 - 2 stubbed round 
Spring #57 - 1 partial override 
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Springs stored for 52 weeks (1 year), then subjected to actual weapon firing (7 loadings) 
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All springs were stress-relieved and heat-set. 
*Load and height checks prior to weapon firing. 
**Load and height checks after six weapon loadings. 


Springs 41 thru 50 stored loaded. 
springs 5] thru 60 stored unloaded. 
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All springs were stress-relieved only. 


Springs 11 thru 20 stored loaded. 
Springs 21 thru 30 stored unloaded 


*kLoad and height checks prior to weapon firing. 


tkLoad and height checks after six weapon loadings. 
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*Load cneck prior to weapon firing. 


All springs were stress-relieved and heat-set. 
Springs 41 thru 50 stored loased. 


*«Load check after six weapon loadings. 


Springs 51 thru 60 stored un 
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All springs were stress-relieved for 30 minutes at 400°F. 


Springs 11 thru 20 were stored loaded. 
**Load and height checks after weapon firing. 


Springs 21 thru 30 were stored unloaded, 
*Load and height checks prior to weapon firing. 
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(Compress to five inches and heat at 400°F for one hour). 


All springs were stress-relieved for 30 minutes at 400°F and heat-set. 
Springs 41 thru 50 were stored loaded. 


1. 


REMARKS 


*Load and height checks prior to weapon firing 


Springs 51 thru 60 were stored unloaded. 
5.**Load and height checks after weapon firing. 
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ILLUSTRATIONS 


Magazine Springs: 
1. Experimental, Nine-Coil 
2. Stendard, As-Wound 
3. Experimentel, Dual-Rate 
4. Standard, Cold-Set 


Gvmnasticating Test: 
Springs Stress-Relieved and Cold-Set by 
Contractecr 


Gymnasticating Test: 
Springs Stress-Relleved at 400°F for 1/2 
Hour ard Heat-Set at 5 Inches for 1 Hour 
at 400°F 


Firing Test: 
Springs Stress-Selieved at 400°F for 1/2 
Hour and Cold-Set to 11/16 Inch Three 
Times 


Fir:ng Test: 
Springs Stress-Relieved at 400°F for 1/2 
"Your and Heat-Set at 5 Inches for 1 Hour 
at 400°F 


Adjustable Fixture with M14 Magazine Spring 
in Position 


Load Check Setup for the M14 Magazine Spring 
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GYMNASTICATING TEST 


SPRINGS STRESS@RELIEVED AND COLD<-SET BY CONTRACTOR 
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SPRING STRESS-RELIEVED AT 400°F FOR 1/2 HOUR 
AND HEAT-SET AT 5" FOR 1 HOUR AT 400°F 
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FIRING TEST 
SPRINGS STRESS©RELIEVED. AT 400°F FOR 1/, HOUR 
AND COLD*SET TO 11/16'' THREE TIMES 


SPRING 9 - 2000 ROUNDS 


SPRING 8 - 2000 ROUNDS 
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SPRING 7 - 2000 ROUNDS 
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FIRING TEST 
SPRINGS STRESS@RELIEVED AT 400°F FOR 1/2 HOUR 


AND HEAT@SET AT 5" FOR 1] HOUR AT 400°F 


SPRING 15° - 2000 ROUNDS 


SPRING 14 - 2000 ROUNDS 


SPRING 13 - 2000 ROUNDS 
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